Pathological mutations H187R and E196K facilitate subdomain separation and prion protein conversion by destabilization of the native structure.
The mechanism of prion protein (PrP) conversion, the key event in prion diseases, is still not understood. We investigated how perturbations of interactions between the subdomains β1-α1-β2 and α2-α3 affect PrP conversion. In vitro fibrillization and biophysical methods were used to relate mouse PrP conversion kinetics to thermodynamic stability. We show that pathologic mutations H187R and E196K destabilize PrP (by 3.2 and 1.1 kJ/mol, respectively, at pH 7) and accelerate fibrillization. At acidic pH, the major contribution to the destabilization of PrP comes from the protonation of histidine 187 because its replacement by tyrosine led to more stable protein (by 4.2 kJ/mol at pH 4) with slower fibrillization. Furthermore, we show that the introduction of a novel histidine residue into the subdomain interface (F198H) acts as a pH-inducible switch that promotes conversion upon histidine protonation, whereas this effect is not observed when His residue is introduced at the protein surface (Y155H). We observed a strong correlation between the stability of native structure and kinetics of fibrillization of PrP variants. Our results show that pathologic mutations promote subdomain separation and suggest that stabilization of the native structure might be a viable strategy for the development of novel therapeutics for prion diseases.